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Introduction 


The  influence  of  technology  on  our 
society  is  increasing  rapidly.  Of  all  tech¬ 
nological  developments,  the  electronic 
computer  may  have  the  most  influence 
and  may  also  cause  the  most  appre¬ 
hension. 

Thus,  it  is  desirable  that  everyone 
have  at  least  a  basic  understanding  of 
computers.  People  should  learn  that  the 
computer  can  be  harnessed  to  work  for 
them  as  an  electronic  servant,  releasing 
them  from  much  of  the  drudgery  of  the 
past.  Through  elimination  of  dull,  routine 
work  people  can  be  freed  to  utilize  their 
inventive  abilities  and  to  develop  and 
fulfil  themselves  creatively. 

The  student  of  Computer  Science 
should  acquire  this  basic  understanding  of 
the  computer,  and  he  should  also  learn 
how  to  make  it  work  for  him.  In 
achieving  these  objectives,  he  should  not 
only  learn  of  the  tremendous  power  and 
capabilities  of  the  computer  but  also  of 
its  limitations  and  its  dependence  upon 
human  intelligence.  He  should  appreciate 
that  the  computer  extends  the  human 
brain  just  as  machines  have  extended 
human  muscle  power  since  the  time  of 
the  industrial  revolution.  Perhaps  the 
computer  is  heralding  an  "intellectual'' 
revolution  where  human  mental  effort  is 
being  extended  by  computers. 

The  student  of  Computer  Science, 
however,  should  acquire  more  than  just  a 
basic  understanding  of  computers.  For 
example,  he  should  see  the  computer  not 
as  a  mysterious  black  box  housing  an 
electronic  brain  but  rather  as  a  product  of 
human  ingenuity;  a  product  that  has  no 
mystic  or  magical  power  in  its  own  right. 
It  is,  in  fact,  a  tool  for  him  to  use  and 
yet,  it  is  more  than  a  tool.  It  has 
revolutionized  the  ways  in  which  we 
think  about  problems  and  has  enabled  us 
to  solve  problems  previously  too  formid¬ 
able  to  be  attempted. 

The  study  of  Computer  Science  might 
begin,  therefore,  with  a  study  of  pro¬ 
blem-solving  techniques.  Here  the  student 
will  realize  that  the  solutions  of  complex 


problems  which  may  involve  thousands  of 
operations  are  now  within  his  reach., In 
order  that  solutions  to  such  problems  can 
be  attempted,  the  student  must  learn  how 
to  communicate  the  problem  to  the 
computer.  In  addition,  he  should  also 
study  the  sociological  effects  of  the 
computer  and  its  importance  in  the 
development  of  our  society.  Accordingly, 
this  course  outline  is  designed  with  three 
general  units;  Problem-Solving  —  An 
Algorithmic  Approach,  Programming 
Languages  and  Systems,  and  Man  and  the 
Computer.  These  units  can  serve  as  a 
framework  upon  which  and  around  which 
the  teacher  can  use  any  or  all  of  the 
suggested  topics,  or  topics  of  his  choice, 
to  build  a  program  tailored  to  the  needs 
of  his  students.  In  a  subject  as  con¬ 
temporary  as  Computer  Science,  new 
concepts  or  revisions  of  former  concepts 
are  being  introduced  regularly.  Hence, 
freedom  to  adapt  the  program  to  meet 
individual  needs  is  of  vital  importance 
and  in  this  outline,  every  attempt  has 
been  made  to  preserve  this  freedom. 

Students  almost  invariably  find  that 
learning  to  use  the  computer  is  an 
exciting  and  challenging  venture.  They 
find  the  computer  useful  in  many 
subjects,  and  they  find  that  it  enriches 
study  of  these  subjects.  They  enjoy 
discussing  the  effects  of  the  computer  in 
society  and  they  have  fun  letting  loose 
their  imaginations  in  predicting  what 
might  evolve  in  the  future. 
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The  Scope 
of  the  Course 


The  material  outlined  in  this  guideline  is 
well-suited  to  a  two-year  program  pre¬ 
ferably  in  the  Senior  Division.  The 
boundaries  of  the  material  are  virtually 
limitless,  largely  because  of  its  emphasis 
on  problem-solving.  Thus,  the  student  has 
an  opportunity  to  pursue  problems  in  any 
subject  area  and  to  study  the  solutions  to 
such  problems  to  any  depth  he  desires. 
The  flexibility  inherent  in  the  suggested 
approach  permits  individual  research 
projects,  class  research  projects,  small 
group  projects,  and  any  other  challenging 
venture  that  either  students  or  teachers 
may  initiate. 

The  emphasis  on  problem-solving 
permits  another  flexibility:  that  is,  the 
level  at  which  the  course  is  studied.  The 
number  of  levels  is  almost  infinite,  largely 
because  there  is  such  a  wide  diversity  of 
difficulty  in  the  problems  that  can  be 
solved  through  the  use  of  a  computer. 

The  choice  of  enrolling  in  a  Computer 
Science  class  should,  ideally,  be  open  to 
any  student  indicating  an  interest  in  and 
enthusiasm  for  the  study  of  computers 
and  computing.  Staff  shortages,  room 
shortages,  or  other  difficulties,  however, 


may  make  it  necessary  to  select  students 
on  the  basis  of  some  criterion.  While 
some  available  tests  assess  a  student's 
aptitude  for  programming,  they  are  not 
recommended  for  selection  purposes 
because  they  are  not  infallible.  Exper¬ 
ience  also  shows  that  success  in  Computer 
Science  does  not  necessarily  correlate 
with  success  in  mathematics;  in  some 
cases,  students  have  found  their  marks  in 
mathematics  improving  because  of  the 
study  of  Computer  Science.  Hence,  it  is 
recommended  that  the  sole  criterion  for 
admission  be  interest. 


Unit  1 

Problem-Solving— 
an  Algorithmic 
Approach 

Some  Suggested  Topics 


An  algorithm  is  essentially  a  step-by-step 
procedure  for  solving  a  problem.  Algo¬ 
rithms  with  which  students  are  already 
familiar  include  those  for  ordinary 
division  and  the  formal  method  of  deter¬ 
mining  square  root. 

In  the  suggested  topics  that  follow,  it 
is  not  expected  that  all  students  will  do 
all  problems,  nor  that  every  problem  be 
solved  by  the  use  of  the  computer.  It  is 
intended,  however,  that  the  student 
develop  the  ability  to  proceed  from 
problem  to  algorithm  to  answer  in  a 
logical  manner.  The  algorithm  for  the 
solution  may  be  in  the  form  of  a 
flowchart,  or  a  computer  program,  or 
both,  depending  on  the  nature  of  the 
problem.  The  students  should  be  made 
aware  that  they  can  study  algorithms 
without  using  a  computer  but  that  a 
computer  is  useful  in  testing  the  validity 
of  algorithms  and  in  executing  them. 

The  suggested  topics  are  arranged  by 
subject  areas  and,  to  some  extent,  by 
order  of  difficulty.  The  teacher  should 
feel  free  to  make  selections  from  the 
suggested  topics  and  to  add  other  topics 
of  his  own  choosing,  making  certain  that 
the  resulting  program  is  suitable  for  the 
interests  and  abilities  of  the  students  in 
his  own  class.  An  attempt  has  been  made 
to  keep  the  suggested  topics  within  the 
bounds  of  the  mathematical  ability  of 
most  students  and  at  the  same  time  to 
enrich  their  knowledge  through  problem 
solution.  Where  appropriate,  students 
should  discuss  the  efficiency  of  various 
algorithms  with  respect  to  the  computer 
time  and  storage  necessary  to  implement 
them.  Finally,  the  teacher  should  make 
certain  that  the  chosen  topics  are  suitable 
for  the  programming  language  and  com¬ 
puter  facility  available. 


Basic  Arithmetic 

*  Simple  algorithms  involving  basic 
operations 

*  Programs  to  show  up  errors  introduced 
by  computer  arithmetic  (averages, 
division,  fractional  exponentiation, 
repeated  addition) 

Sequences  and  Series 

*  Constant  and  varying  differences 
between  successive  terms 

*  Subsets  of  sequences:  for  example, 
specific  multiples,  numbered  terms 

*  Fibonacci  sequence 

*  Evaluating  transcendental  numbers: 
for  example  tt,  e 

Tabulation  of  Functions 

*  Evaluation  of  polynomials 

*  Production  of  tables  using  library 
functions 

*  Production  of  tables  without  library 
functions:  for  example,  degrees  to 
radians,  squares,  roots,  powers,  tem¬ 
perature  scale  conversions 

Conversions  of  Units 

*  Time 

*  Length 

*  Mass 

*  Money 

Number  Problems 

*  Prime  numbers 

*  Euclidean  algorithm:  greatest  common 
divisor 

*  Prime  factors 

*  Entire  radicals  to  mixed  radicals 

*  Fractions  to  lowest  terms 

*  Modular  arithmetic:  for  example, 
carnival  wheel  problem  ( Algorithms , 
Computation  &  Mathematics  by 
School  Mathematics  Study  Group) 

*  Days  of  week  formula  ( Problems  for 
Computer  Solution  by  Gruenberger 
and  Jaffray) 

*  Complex  number  arithmetic 

*  Radix  conversion:  decimal  to  binary 
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Business-Oriented  Topics 

*  Accounting  applications:  for  example, 
payroll 

*  Bills  and  coins  necessary  to  pay 
employees  in  cash 

*  Print  cheque  amount  in  words  and 
numbers 

*  Loans,  banking,  mortgage  tables 

*  True  interest  rates 

Random  Numbers 

*  Generation  and  printing 

*  Simple  game  simulation:  dice,  coin¬ 
matching 


The  following  may  involve  subscripts:  Sorting  and  Searching 

*  Finding  largest  and  smallest  of  a  list 

*  Sorting  into  order 

*  Table  look-up 

Statistics  and  Probability 

*  Arithmetic  mean,  median,  mode 

*  Mean  deviations  and  standard  de¬ 
viations 

*  Correlations 

*  Simple  probability  applications 

*  Counting  numbers  in  categories 

Iterative  Procedures 

*  Newton's  method  for  square  root 

*  Bisection  method  for  obtaining  roots 
of  equations  of  degree  greater  than 
two 

*  Newton's  method  for  nth  root 

*  Synthetic  division  and  remainder 
theorem 

*  Diophantine  equations 

Two-Dimensional  Arrays 

*  Matrix  manipulations 

*  Solution  of  linear  equations 

Graphing  and  Plotting  Functions 

*  Effects  of  varying  coefficients  in 
polynomials  of  varying  degree 

*  Trigonometric  functions 


Geometry 

*  T riangle  existence  tests 

*  Col  linearity  tests 

*  Heron's  formula 

*  Proportions 

*  Intersections  of  lines 

*  Pythagorean  triplets 

*  Determination  of  quadrants  for  points, 
distance  from  origin 

*  Areas  under  curves 

Science 

*  Electricity:  equivalent  resistances 

*  Calorimetry 

*  Mechanics 

*  Optics 


Trigonometry 

*  Checking  identities 

*  Solving  triangles 

*  Evaluating  trigonometric  functions 

Miscellaneous  Problems 

*  Character  Searches 

*  Linear  programming 

*  Critical  path  problems 

*  Cryptograms 

Simulation 

*  Queuing,  traffic  lights,  elevators, 
check-outs  at  supermarkets,  opinion 
surveys  (using  random  number 
generator) 

*  Simulating  games:  table  tennis, 
volleyball,  simple  card  games,  tick- 
tack-toe 
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Unit  2 

Programming  Languages 
and  Systems 


The  most  common  method  of  com¬ 
municating  with  the  computer  is  by 
means  of  a  programming  language.  In  one 
sense,  learning  to  program  is  a  by-product 
of  learning  about  computers  and 
algorithms.  Nevertheless,  it  is  an  ex¬ 
tremely  important  by-product  because  a 
computer  program  is  an  important  step  in 
the  development  and  implementation  of 
an  algorithm. 

This  unit,  Programming  Languages  and 
Systems,  consists  of  suggestions  for  the 
study  of  high-level  languages,  machine 
and  assembly-level  languages,  and  pro¬ 
gramming  systems.  The  teacher  should 
choose  a  language  that  is  course-oriented 
and  that  can  be  run  on  an  available 
facility  with  minimal  ''turn-around''  time. 

Regardless  of  the  language  chosen,  the 
following  topics  should  be  discussed  in 
detail,  but  not  necessarily  in  the  order 
presented  here. 

High-Level  Languages 

Among  the  high-level  languages  available 
and  suitable  for  scientific  programming 
are  FORTRAN,  ALGOL,  BASIC,  PL/1, 
and  Student  Language.  The  actual  com¬ 
mands,  verbs,  and  statements  will  be 
determined  by  the  language  chosen,  but 
the  meanings  behind  them  are  important 
and  should  be  discussed. 

Basic  Input/Output 

*  description  of  the  command:  READ, 
WRITE,  etc. 

*  reaction  of  the  machine  to  each 
command 

Data  Movement 

*  assignment  statement:  X  =  5.0; 

LET  A  =  B(  1 ) 

*  concept  of  replacement  rather,  than 
equality 

*  form  of  the  statements  for  assignment, 
replacement  and  movement  of  data  in 
storage 

Comparing  and  Branching 

*  concept  of  decision-making,  number 
of  possible  decisions,  consequences  of 
decisions:  high-equal-low,  or  yes-no 


*  conditional  versus  unconditional 
branches:  transfer,  as  a  result  of 
satisfying  a  predetermined  conditibn 
as  opposed  to  transfer  without  choice 

*  the  form  of  various  comparing  and 
branching  statements:  arithmetic  IF; 
GO  TO  n;  logical  IF,  computed  GO 
TO 

Basic  Operators 

*  the  operators  for  addition,  subtrac¬ 
tion,  multiplication,  division  and  ex¬ 
ponentiation:  +,  — ,  *,  /,  t,  or  ** 

*  priority  of  operators 

*  use  of  brackets 

Use  of  Constants  and  Variables 

*  types  of  variables  and  constants: 
integer,  real 

*  rules  for  use  of  each 

*  mixed  mode 

*  restrictions  on  names  of  variables 

*  declaration  of  variable  types 

Data  Formats 

*  importance  of  correspondence  of  data 
formats  with  variable  type:  E,  I,  F,  A, 
H  format  specifications 

*  use  of  headings,  positioning,  spacing 
charts 

*  form  of  statement:  EDIT;  FORMAT 

Looping 

*  use  of  counters  as  decision-making 
devices:  initializing,  incrementing,  and 
testing 

*  specialized  looping  instructions:  DO; 
FOR 

Indexing 

*  subscripted  variables 

*  declaration  of  storage  reservation: 
DIMENSION;  DECLARE 

Subprograms 

*  description  and  use 

*  exit  from  and  entry  to  main  pro¬ 
gram/subprogram:  PERFORM,  CALL, 
RETURN 

Library  Programs 

*  use  of  pre-defined  programs:  sub¬ 
programs  such  as  square  root,  trun- 


cation,  and  trigonometric  functions 

*  access  to  library  programs 

*  writing  and  storing  library  programs 

Program  Testing 

*  desk-checking 

*  formation  of  test  data 

*  interpreting  and  correcting  errors 

*  use  of  control  cards  to  obtain 
diagnostic  information 

*  test  runs,  production  runs,  tracing  and 
dumping 

Documentation 

*  description  of  the  operation  and  use  of 
the  program:  narrative  statements  of 
problems,  input  and  output  speci¬ 
fications  for  the  program,  flowchart, 
program  listing,  test  run  with  data,  and 
special  operating  instructions 


Machine  Language, 
Assembly  Language, 
Machine  Components 

Students  will  write  most  of  their 
programs  in  a  high-level  language.  A 
high-level  language,  however,  still  tends  to 
have  an  aura  of  mystery  about  it;  for 
example,  examination  of  the  FORTRAN 
statement  X  =  A  t  B/C  sheds  no  light 
whatsoever  on  precisely  how  the  com¬ 
puter  executes  this  instruction.  Hence,  it 
is  both  interesting  and  enlightening  to 
study  lower-level  languages  because  such 
languages  will  provide  a  general  under¬ 
standing  of  how  a  computer  performs 
basic  operations.  Another  reason  for 
studying  lower-level  languages  is  that  the 
most  efficient  programs  are  generally 
written  by  those  who  know  about  the 
machine  language  counterpart.  These 
factors  contribute  to  the  student's  general 
understanding  of  the  computer  and  to  his 
ability  to  use  it  effectively. 

There  are  arguments  in  favor  of  study¬ 
ing  high-level  languages  before  low-level, 
and  conversely  there  are  arguments  in 
favor  of  the  reverse  sequence.  For  in¬ 
stance,  some  teachers  find  that  students 
prefer  to  start  using  the  machine  quickly 
by  introducing  very  simple  high-level 
statements.  Later  in  the  course,  they  use 
the  low-level  language  to  learn  what 
actually  happens.  Other  teachers  find  that 
students  prefer  to  start  solving  problems 
by  using  a  low-level  language.  Later  the 
ease  of  use  and  the  relative  power  of  the 
high-level  language  become  apparent 
when  the  student  starts  to  use  it.  The 
important  point  to  note  is  that  either 
sequence  can  be  effectively  used.  The 
sequence  presented  here  is  not  the  only 
one  that  can  be  followed  successfully. 

A  study  of  low-level  languages  will 
help  to  illustrate  the  following  concepts: 

*  The  relationship  between  the  main 
sections  of  a  computer;  input,  output, 
storage  or  memory,  arithmetic  unit, 
and  control  unit 

*  Various  hardware  features  such  as  an 
accumulator  and  instruction  counter 

*  Storage,  divided  into  a  finite  number 
of  parts,  each  capable  of  contain¬ 
ing  information  referenced  by  an 
address 


*  Stored  information  as  either  data  or  an 
instruction 

*  The  idea  that  instructions  are  usually 
executed  sequentially,  unless  inter¬ 
rupted  by  a  branch  or  a  halt. 

It  is  suggested  that  only  very  simple 
programs  be  done  in  the  low-level 
language.  The  language  used  should 
employ  decimal  numbers  and  should  con¬ 
tain  at  least  the  following  instructions: 

*  input/output:  a  method  of  reading  and 
printing  a  number 

*  arithmetic:  the  operators  +,  — ,  x,  -r 

*  data  movement 

*  transfer  or  branch:  at  least  an 
unconditional  transfer,  a  transfer  on  a 
zero  condition  and  a  transfer  on  either 
a  positive  or  a  negative  condition 

*  halt 

The  following  should  be  considered  in 
the  discussion  of  an  assembly  language: 

*  a  programming  language  which  is  more 
"user-oriented”  than  machine  language 

*  use  of  mnemonic  op-codes,  pseudo 
op-codes,  symbolic  addresses  and 
literals 

*  the  assembly  process 

Programming  Systems 

Some  understanding  of  compilers, 
assemblers,  operating  systems,  monitors 
and  other  kinds  of  software  is  needed 
since  they  constitute  other  key  ideas  in 
computing.  Moreover,  some  appreciation 
of  what  they  can  and  cannot  do  is 
required  by  the  user  if  he  is  to  take  full 
advantage  of  the  computer. 

This  section  is  intended  to  enlarge 
upon  the  discussion  of  the  components  of 
a  computer  system,  to  provide  the 
student  with  an  elementary  under¬ 
standing  of  the  programs  necessary  for 
the  operation  of  a  computer  system,  and 
to  provide  him  with  an  appreciation  for 
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Unit  3 

Man  and  the 
Computer 


the  difficulties  and  magnitude  of  the  task 
of  producing  large  programs  such  as 
operating  systems  and  translators. 

The  foregoing  concepts  can  be  intro¬ 
duced  effectively  under  the  points  listed 
below: 

*  The  hierarchy  of  programming  lan¬ 
guages 

*  The  need  for  different  levels  of 
programming  languages 

*  Advantages  and/or  disadvantages  of 
various  levels  of  languages 

*  Conditions  under  which  each  type  of 
language  should  be  used 

*  Translation  process  from  assembly  and 
high-level  languages  to  machine 
language 

*  Operation  of  various  hardware  com¬ 
ponents 

*  Concept  of  an  operating  system  as  a 
mechanism  for  smoother  operation  of 
the  computer  by  elimination  of  human 
intervention,  and  as  a  coordinator  of 
the  many  translators  and  other  service 
programs  available  as  part  of  a 
computer  system 

*  Concepts  of  multiprogramming,  time¬ 
sharing,  remote-job-entry,  and  their 
respective  advantages  and  dis¬ 
advantages 

*  Concepts  of  file  formats 


The  electronic  digital  computer  has  a 
capability  for  information  processing 
which  combines  speed  and  reliability  of 
calculation  with  extensive  storage.  The 
computer  has  enabled  man  to  tackle 
problems  whose  solutions  were  formerly 
considered  either  uneconomical  or  not 
feasible  for  other  reasons.  The  impact  of 
computers  can  already  be  felt  in  many 
areas  and  undoubtedly  will  affect  many 
other  areas  in  the  future. 

At  the  present  time,  computers 
operate  assembly  lines,  control  inventory, 
and  prepare  payrolls  with  such  efficiency 
that  an  employer  can  now  run  his 
business  with  fewer  unskilled  employees. 
This  threat  to  job  security  and  job 
opportunities  has  caused  many  people  to 
fear  computers.  At  the  same  time,  a 
higher  standard  of  living  is  made  possible 
by  the  increased  efficiency  of  production 
and  accounting. 

Computers  have  played  a  large  part  in 
revolutionizing  transportation.  In  some 
major  cities  computers  operate  signal 
lights  to  speed  the  flow  of  traffic.  By 
tracing  the  location  of  freight  cars, 
computers  enable  railroad  companies  to 
plan  for  efficient  use  of  their  rolling 
stock.  By  detecting  mechanical  trouble  in 
aircraft  engines  before  it  becomes  serious, 
computers  make  air  travel  safer. 

The  field  of  communications  has 
likewise  felt  the  impact  of  computers. 
Satellites  launched  into  orbit  under 
computer  control  can  relay  telephone 
messages  and  television  programs  between 
continents.  The  computer  is  even  proving 
to  be  a  useful  aid  in  translating  languages. 

New  areas  of  scientific  investigation 
have  been  opened  up  by  using  computers. 
Space  research  is  feasible  today  because 
computers  can  guide  spacecraft  and 
rapidly  evaluate  the  data  .they  collect. 
The  computers'  abilities  in  this  area, 
however,  have  also  enabled  man  to  design 
and  operate  such  lethal  weapon  systems 
that  his  survival  is  threatened. 

Computers  will  enable  doctors  to 
provide  better  medical  care  to  a  greater 


number  of  patients.  Programs  have  been 
written  to  analyze  heart  sounds  and 
interpret  electrocardiograms  and  electrb- 
encephalograms.  In  addition,  the  patient's 
medical  record  can  be  stored  in  a  central 
computer  so  that,  in  an  emergency, 
information  about  his  medical  history  is 
readily  available  to  a  doctor  who  does  not 
know  the  patient  personally.  The  avail¬ 
ability  of  such  personal  information 
could  save  a  man's  life  but  inherent  in 
such  record-keeping  capabilities  is  the 
possibility  that  his  school  record,  his 
credit  rating,  or  his  record  of  traffic 
violations  could  be  used  against  him. 
Many  people  today  fear  this  potential 
invasion  of  privacy.  This  possible  threat  to 
privacy  and  an  associated  implication  that 
computers  might  de-personalize  human 
relationships  and  even  eventually  control 
man's  environment  presents  society  with 
profound  psychological  issues. 

Man's  entertainment  and  recreation 
have  also  been  affected  by  computers. 
Computers  are  being  used  experimentally 
to  compose  music,  to  write  poetry,  and 
to  produce  new  forms  of  art. 

These  are  only  a  few  of  the  ways  in 
which  the  computer  affects  our  day-to- 
day  living  and  it  is  obvious  that  the 
foregoing  discussion  is  only  a  superficial 
one.  Any  of  these  topics  can  be  pursued 
in  depth  and  students  usually  find  it 
interesting  to  do  so.  The  topics  lend 
themselves  to  a  wide  variety  of  ap¬ 
proaches:  guest  lecturers,  class  projects, 
field  trips,  oral  presentations,  and  seminar 
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discussion  groups.  Teachers  are  en¬ 
couraged  to  try  a  variety  of  approaches  so 
that  each  class,  or  if  possible  each 
student,  can  participate  in  the  type  of 
activity  best  suited  to  it  or  to  him. 

Suggested  topics  for  this  section  are  as 
follows: 

*  The  Computer  in  Industry,  Business, 
and  Government 

*  The  Computer  in  Transportation 

*  The  Computer  in  Communications 

*  The  Computer  in  Science  and  En¬ 
gineering 

*  The  Computer  in  Medicine 

*  The  Computer  in  Entertainment  and 
Recreation 

*  The  Computer  in  Education 

*  The  Computer  in  Law 

*  The  Computer  in  Defense 

*  The  Computer  in  the  Future 

*  The  Computer  in  Science  Fiction 


Evaluation 
of  Student 
Progress 


Experience  has  shown  that  most  students 
are  highly  motivated  in  the  study  of 
Computer  Science  because  they  find  it  to 
be  extremely  interesting.  But  even  though 
all  students  tend  to  work  hard  at  this 
subject,  some,  because  of  aptitude  and 
ability,  will  forge  ahead  of  their  classmates. 
Evaluation  of  work  and  of  levels  attained 
therefore  becomes  more  of  an  individual 
than  a  class  matter. 

Evaluation  methods  should  recognize 
the  importance  of  self-evaluation  by  the 
student.  He  should  be  encouraged  to  keep 
records  of  his  own  work  so  that  at  all 
times  he  is  aware  of  his  rate  of  progress. 
The  flexibility  of  the  course'will  allow 
him  to  take  advantage  of  his  successes 
and  to  move  ahead  at  his  own  pace. 
Because  of  the  importance  of  the 
student's  progress  throughout  the  year, 
the  teacher  should  take  the  precaution  of 
setting  realistic  and  achievable  deadlines 
for  assignments. 

There  are  several  factors  to  be 
considered  when  evaluating  student  pro¬ 
jects.  One  such  factor  is  that  speed  of 
preparation  (provided  it  is  within  a 
realistic  time  limit)  should  be  of  minor 
importance  in  comparison  to  factors  such 
as  computer  time  and  storage,  and 
number  of  attempts  necessary  to  find  a 
workable  solution.  Another  factor  is 
ingenuity  of  solution,  which  is  difficult  to 
check,  but  which  may  show  the  level  of  a 
student's  work  more  than  any  other 
aspect.  Also  important  and  relevant  to 
the  solution  of  a  problem  is  the 
documentation  that  accompanies  the 
solution.  Such  documentation  might 
include  flowcharts,  program  description, 
and  input/output  specifications.  Still 
other  factors  to  be  considered  are: 

*  Because  many  solutions  are  workable 
(correct),  the  teacher  should  be  alert 
for  the  better  ones. 

*  Since  the  emphasis  throughout  the 
course  is  on  problem-solving,  care 
should  be  taken  to  distinguish  between 
mechanical  errors  and  logical  errors,  as 
the  former  are  of  minor  importance. 

*  It  may  be  desirable  to  use  only  some 


of  the  assignments  if  it  is  necessary  to 
create  a  grade  for  the  course;  for 
example,  using  the  best  eight  of  ten. 

*  Evaluation  of  oral  presentations  may 
provide  an  effective  assessment  of  the 
student's  work. 

*  The  teacher  should  expect  his  evalua¬ 
tion  methods  to  give  him  some  idea  of 
the  effectiveness  of  his  program. 

*  Most  tests  in  which  the  students  will 
be  writing  programs  should  be  open- 
book. 

*  Some  types  of  questions  which  have 
been  found  useful  include:  having  the 
student  prepare  a  flowchart  and/or 
write  a  program  for  a  problem; 
presenting  the  student  with  a  program 
containing  errors  and  having  him  find 
the  errors;  presenting  the  student  with 
a  flowchart  and  having  him  translate 
the  flowchart  into  a  computer  pro¬ 
gram,  and  presenting  the  student  with 
a  complete  program  and  having  him 
interpret  the  algorithm;  that  is,  deter¬ 
mine  its  purpose,  calculate  results. 
Because  of  the  nature  of  the  study  of 

Computer  Science,  the  teacher  will  find  a 
minimum  of  time  may  be  spent  usefully 
in  traditional  classroom  teaching.  Con¬ 
sequently,  much  dialogue  between 
teacher  and  student  should  occur  on  a 
one-to-one  basis  throughout  the  entire 
program.  Since  evaluation  is  a  continuing 
process,  the  teacher  should  be  constantly 
evaluating  the  maturing  adolescent  in 
areas  other  than  the  cognitive:  that  is,  the 
development  of  self-confidence  and  the 
development  of  a  willingness  to  co¬ 
operate  in  a  group  setting. 
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Resource  Material 


Books 


Adler,  Irving.  Thinking  Machines.  New  York,  John  Day  Co.,  1961.  This  book  gives  an  introduction  to 
logic.  Boolean  Algebra,  and  computers  for  the  layman. 

Arbib,  Michael  A.  Brains,  Machines,  and  Mathematics.  New  York,  McGraw-Hill,  1964. 

Although  a  little  advanced,  this  text  should  serve  as  a  useful  reference. 

Arden,  B.W.  An  Introduction  to  Digital  Computing.  Reading,  Mass.,  Addison-Wesley,  1963. 

This  is  a  useful  book  on  computing  that  contains  a  good  chapter  on  a  simple  compiler.  It  uses  the 
MAD  higher-level  language  which  is  not  readily  available  to  most  schools  although  it  is  not  too 
different  from  FORTRAN. 

Ashby,  W.R.  Design  for  a  Brain:  The  Origin  of  Adaptive  Behavior.  2nd  rev.  ed.  New  York,  Barnes 
&  Noble,  1966. 

An  involved  discussion  of  the  nervous  system's  ability  to  produce  adaptive  behaviour,  the  text 
includes  topics  such  as  homeostasis,  stability. 

Awad,  E.M.  and  Data  Association.  Automatic  Data  Processing,  Principles  &  Procedures.  New  Jersey 
Prentice-Hall,  1966. 

While  best  suited  as  background  information  for  business  data  processing  courses,  this  book  does 
contain  information  on  details  of  computers  which  may  keep  able  students  interested.  The  operation 
of  various  pieces  of  peripheral  equipment  are  well  set  out. 

Bernstein,  Jeremy.  The  Analytical  Engine:  Computers,  Past,  Present,  and  Future.  New  York,  Random 
House,  1 963. 

This  is  a  non-technical  introduction  to  computing,  much  of  which  appeared  in  the  New  Yorker 
magazine. 

Blatt,  J.M.  Introduction  to  FORTRAN  IV  Programming:  Using  the  WAT  FOR  Compiler.  Pacific 
Palisades,  California,  Goodyear,  1968. 

A  useful  book  on  FORTRAN  programming,  it  describes  the  WATFOR  version  of  FORTRAN  for 
IBM/360. 

Bowden,  B.V.  Faster  Than  Thought.  London,  Pitman,  1953. 

The  preface  and  Chapter  1  contain  many  interesting  and  delightful  stories  about  the  history  of 
computation. 

Burke,  J.G.  The  New  Technology  and  Human  Values.  Hartford,  Conn.,  Wadsworth,  1968. 

Many  social  issues  are  raised.  The  place  of  science  and  technology  when  dealing  with  education,  em¬ 
ployment,  population,  privacy,  and  government  is  brought  out.  A  collection  of  papers  by  J.F. 
Kennedy,  L.  Mumford,  N.  Weiner,  J.  Galbraith,  and  A.  Hinley  is  included. 

Bushnell,  D.D.  and  Allen,  D.D.  The  Computer  in  American  Education.  New  York,  Wiley,  1968. 

A  collection  of  articles  that  describe  how  computers  and  education  can  be  related.  The  main  sections 
are:  individualized  instruction  and  social  goals,  computers  in  instruction  and  research,  teaching  the 
computer  sciences,  information  processing  for  education  systems. 

Campbell,  Robert.  How  the  Computer  Gets  the  Answer.  Life  Educational  Reprint  No.  3,  November 
27,  1967,  Life  Educational  Reprint  Program,  Radio  City,  New  York. 

This  is  an  excellent,  well  illustrated  treatise  on  the  internal  workings  of  the  computer. 

Canadian  General  Electric.  You  and  the  Computer.  Toronto,  Canadian  General  Electric,  1965. 

Easily  understandable,  this  booklet  describes  binary  numbers,  symbolic  languages,  memory,  I/O 
devices,  and  the  sequence  of  operations  in  a  computer. 

Cole,  R.  Wade.  Introduction  to  Computing.  New  York,  McGraw-Hill,  1969. 

A  useful  overview  of  computers  and  computing,  this  text  includes  chapters  on  history,  a  hypothetical 
computer,  and  the  impact  of  computers  in  various  areas. 


Computer  Science  Department,  University  of  Western  Ontario.  Success  Manual.  London,  University  of 
Western  Ontario,  1968. 

This  is  a  manual  describing  a  hypothetical  machine  for  low-level  languages. 

Cress,  P.H.,  Dirksen,  P.H.,  and  Graham,  J.W.  FORTRAN  IV  with  WATFOR.  New  Jersey,  Prentice- 
Hall,  1968. 

A  useful  book  for  FORTRAN  programming.  It  is  written  in  a  conversational  tone  and  it  uses  simple 
examples  and  exercises  to  illustrate  the  use  of  the  language. 

Crowley,  Thomas  H.  Understanding  Computers.  New  York,  McGraw-Hill,  1967. 

This  text  provides  a  simple  explanation  of  the  parts  and  functions  of  a  computer.  Chapters  Applica¬ 
tions  and  What  does  the  Future  Hold  would  be  easy,  worthwhile  reading  for  students.  The  book 
gives  an  introduction  to  the  basic  operations  of  a  computer  and  explains  the  basic  terminology.  It 
also  introduces  a  hypothetical  machine  with  its  own  machine  language. 

Davidson,  C.H.  and  Koenig,  E.C.  Computers:  Introduction  to  Computers  and  Applied  Computing 
Concepts.  New  York,  Wiley,  1967. 

This  book  interweaves  a  language  (usually  FORTRAN)  with  a  systematic  series  of  applications  where 
computers  are  very  useful.  It  also  discusses  information  storage,  machine  language,  programming,  and 
simulation. 

Department  of  Applied  Analysis  and  Computer  Science,  University  of  Waterloo.  An  Introduction  to 
the  Spectre  Computer.  Waterloo,  University  of  Waterloo,  1968. 

Spectre  is  a  simple  hypothetical  machine.  This  book  is  very  useful  in  the  development  of  computer 
concepts. 

Desmonde,  W.H.  Computers  and  Their  Uses.  New  Jersey,  Prentice-Hall,  1964. 

This  book  contains  some  very  good  material  on  such  topics  as  information  representation,  machine 
logic,  programming  techniques,  theory  of  automata,  and  applications.  A  useful  book  in  many  of  the 
basic  concepts  of  computing,  it  ranges  over  history,  applications,  and  social  implications  of  computers. 

Dodes,  Irving  Allen  and  Greitzer,  Samuel  L.  Numerical  Analysis.  New  York,  Hayden  Book  Company, 
Incorporated.  Distributed  by  the  Musson  Book  Company  in  Canada. 

Topics  in  this  book  include  desk  calculator  arithmetic,  iterative  techniques,  statistical  analysis, 
comparing  two  distributions  for  similarity,  problems  of  prediction,  writing  a  research  paper  in  the 
sciences  and  linear  programming. 

Dorn,  W.S.  and  Greenberg,  H.J.  Mathematics  and  Computing:  With  FORTRAN  Programming  New 

York,  Wiley,  1967. 

Mainly  a  mathematics  text,  this  book  describes  applications  in  the  area  of  Linear  Programming, 
solution  of  systems  of  linear  equations,  and  simulations. 

Eadie,  D.  Introduction  to  the  Basic  Computer.  New  Jersey,  Prentice-Hall,  1968. 

This  book  is  hardware  oriented  and  fairly  advanced.  The  topics  include  number  codes,  switching 
theory,  Boolean  functions,  circuits  and  components,  memory,  I/O  or  peripheral  equipment. 

Feigenbaum,  Edward  A.  and  Feldman,  Julian,  eds.  Computers  and  Thought.  New  York,  McGraw-Hill, 

1963. 

Reprints  of  important  articles  on  many  aspects  of  artificial  intelligence,  such  as  game  playing, 
theorem  proving,  pattern  recognition,  and  learning  are  provided. 

Fink,  D.G.  Computers  and  the  Human  Mind:  An  Introduction  to  Artificial  Intelligence.  New  York, 

Doubleday,  1966. 

This  book  is  of  excellent  value.  The  topics  include:  number  conversion,  logic,  some  hardware  com¬ 
ponents,  some  programming,  brain,  intelligence,  intelligent  machines,  and  creativity  in  machines. 

Fox,  L.  An  Introduction  to  Numerical  Linear  Algebra  with  Exercises.  New  York,  Oxford  University 

Press,  1965. 

There  is  very  little  mention  of  language.  It  is  an  advanced  book,  probably  best  suited  as  a  teacher 
reference. 


Freiberger,  Walter  F.  and  Prager,  William,  eds.  Applications  of  Digital  Computers.  Waltham,  Mass., 
Blaisdell,  1963. 

Articles  on  operations  research,  learning,  sorting,  numerical  analysis,  and  applications  in  science, 
engineering,  medicine,  law,  and  pure  mathematics  are  included. 

Galler,  Bernard  A.  The  Language  of  Computers.  New  York,  McGraw-Hill,  1962. 

This  book  describes  the  MAD  language  which  is  not  unlike  FORTRAN. 

Gear,  C.  William,  Computer  Organization  and  Programming.  New  York ,  McGraw-Hill,  1969. 

This  book  describes  interpreters,  assemblers,  input-output,  and  an  introduction  to  compilers. 

Gruenberger,  Fred,  and  Jaffray,  George.  Problems  for  Computer  Solution.  New  York,  Wiley,  1965. 

A  collection  of  interesting  elementary  problems  is  provided. 

Harris,  L.  Dale.  Numerical  Methods  Using  FORTRAN.  Chicago,  Merrill,  1964. 

This  book  introduces  ideas  of  programming  and  techniques  such  as  interpolation  before  going  into 
applications.  Differentiation  and  integration,  differential  equations,  roots  to  an  equation,  and 
simultaneous  linear  equations  are  covered.  It  is  probably  best  suited  as  a  teacher  and  senior  student 
reference. 

Hassitt,  A.  Computer  Programming  and  Computer  Systems.  New  York ,  Academic  Press,  1 967. 

This  book  presents  an  introduction  to  different  designs  of  computers,  operating  systems,  and  some 
aspects  of  programming. 

Hellerman,  H.  Digital  Computer  System  Principles.  New  York,  McGraw-Hill,  1967. 

This  is  a  very  good,  but  advanced  book  on  the  design  of  computer  systems.  It  discusses  such  topics  as 
computer  organization,  logic  circuits,  core  storage,  and  number  representation. 

Hull,  T.E.  and  Day,  D.D.F.  Introduction  to  Computers  and  Problem  Solving.  Reading,  Mass., 
Addison-Wesley,  1969. 

This  book  is  appropriate  for  high  school  students,  and  useful  for  beginning  students.  It  provides  an 
introduction  to  algorithms,  stored  program  computers,  and  FORTRAN  programming.  A  teacher's 
commentary  includes  answers  to  all  exercises. 

Hull,  T.E.  Introduction  to  Computing.  New  Jersey,  Prentice-Hall,  1966. 

This  book  has  a  chapter  on  flowcharts  and  another  on  machine  language  programming.  It  uses 
FORTRAN  IV  language  in  later  chapters  and  in  applications  such  as  simulation. 

Hull,  T.E.  Nicholls,  G.T.,  and  Wong,  R .C.An  Introduction  to  Algorithms.  Toronto,  Gage,  1967. 

This  is  an  elementary  introduction  to  algorithms,  flowcharts  and  problem  solving. 

I.B.M.  An  Introduction  to  Linear  Programming.  New  York,  I.B.M. 

This  manual  provides  an  introduction  to  the  basic  ideas  of  linear  programming. 

I.B.M.  Introduction  to  IBM  Data  Processing  Systems.  New  York,  I.B.M. 

This  manual  provides  excellent  background  information  on  computer  systems,  utilities,  and  operating 
systems. 

Johnson,  Hatfield,  Katzman,  Kieren,  Walther,  and  LaFrenz.  Computer  Assisted  Mathematics 
Program.  Toronto,  Gage,  1969. 

Intended  to  be  used  as  mathematics  enrichment,  this  series  of  six  books  contains  many  interesting 
topics  and  questions. 

Kemeny,  John  G.,  and  Kurtz,  Thomas  E.  Basic  Programming.  New  York,  John  Wiley,  1967. 

An  elementary  introduction  to  programming  in  BASIC,  this  book  covers  a  wide  variety  of  applications. 
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Knuth,  D.E.  The  Art  of  Computer  Programming.  Reading,  Mass.,  Addison-Wesley,  1968. 

An  excellent  seven  volume  work  on  computer  programming,  this  material  is  encyclopaedic  in  nature, 
but  is  very  well  written  and  contains  many  interesting  problems.  Only  the  first  two  volumes  of  this 
series  are  presently  available. 

Kovach,  L.D.  Computer-Oriented  Mathematics:  An  Introduction  to  Numerical  Methods.  San 
Francisco,  Holden  Day,  1964. 

An  elementary  introduction  to  computational  methods  and  iterative  procedures,  this  book 
introduces  the  idea  of  getting  started  with  a  guess. 

Matey  G.  and  Heilweil,  M.  Introduction  to  Digital  Computers.  New  Jersey,  Prentice-Hall,  1968. 

This  book  provides  technical  information  on  computers  and  includes  topics  such  as  Boolean  algebra, 
logic  design,  binary  arithmetic,  arithmetic  circuits,  (ADDER),  semiconductors  and  circuits  (AND, 
OR),  machine  and  assembly  languages. 

Mathematics  Student  Journal.  The  Probability  of  Duplications.  Vol.  15,  Number  3,  March  1968. 
Washington,  D.C. 

This  is  an  excellent  article  for  a  student  project  in  computer  science. 

Maurer,  Ward  Douglas.  Programming:  An  Introduction  to  Computer  Languages  and  Techniques. 

San  Francisco,  Holden-Day,  1968. 

This  text  discusses  machine  and  assembly  languages,  data  representation,  file  processing,  sub-routines 
and  provides  an  introduction  to  systems  programming. 

McCracken,  Daniel  D.  A  Guide  to  FORTRAN  IV  Programming.  New  York,  Wiley,  1965. 

One  of  a  series  which  can  be  used  for  teaching  as  well  as  reference.  Class  sets  for  reference  are  a  good 
idea. 

McCracken,  Daniel  D.  and  Dorn,  William  S.  Numerical  Methods  and  FORTRAN  Programming. 

New  York,  Wiley,  1964. 

Fundamentals  of  FORTRAN  and  a  general  discussion  of  errors  are  followed  by  such  topics  as  roots  of 
equations  and  simultaneous  linear  equations.  This  well-written  book  is  useful  for  teacher  and  senior 
student  reference. 

Morrison,  Philip,  and  Morrison,  Emily,  eds.  Charles  Babbage  and  his  Calculating  Engines.  New  York, 
Dover,  1 961 . 

This  book  contains  selected  writings  by  Charles  Babbage  and  others. 

National  Council  of  Teachers  of  Mathematics.  Computer  Facilities  for  Mathematics  Instruction. 
Washington,  D.C.,  NEA,  1967. 

This  information  should  be  useful  to  administrators  and  teachers  of  computer  classes. 

National  Council  of  Teachers  of  Mathematics.  Computer  Oriented  Mathematics:  An  Introduction 
for  Teachers.  Washington,  D.C.,  NCTM,  1963. 

This  material  deals  with  flow  charts,  analog  and  digital  computers,  machine  language  programming, 
compiler  language  (no  particular  machine),  repetitive  processes  of  numeric  and  non-numeric  nature, 
approximations,  and  number  notation  systems. 

Ontario  Department  of  Education.  Computer  Science  Problems.  Ontario  Department  of  Education, 
1968.  ' 

This  consists  of  a  compilation  of  field-tested  problems.  It  includes  algorithms,  programs,  and 
comments. 

Organick,  Elliott  I.  FORTRAN  IV  Primer.  Reading,  Mass.,  Addison-Wesley,  1966. 

This  is  a  useful  reference  for  the  FORTRAN  language. 

Rosen,  Saul ,  ed.  Programming  Systems  and  Languages.  New  York ,  McGraw-Hill ,  1 967. 

This  material  includes  reprints  of  important  papers  on  programming  languages,  compilers  and 
operating  systems,  and  historical  introduction  to  computing. 


Rosen,  Saul.  Electronic  Computers:  A  Historical  Survey.  Computing  Surveys  (The  Survey  and 
Tutorial  Journal  of  the  Association  for  Computing  Machinery),  Vol.  1 ,  No.  1  (March,  1969),  pp.7-36. 
This  is  an  excellent  history  of  computing  equipment  during  the  period  1 945-1 968,  mostly  in  the 
United  States. 

Sammet,  Jean  E.  Programming  Languages:  History  and  Fundamentals.  Englewood  Cliffs,  N.J. 
Prentice-Hall ,  1 969. 

This  book  provides  a  summary  of  the  basic  characteristics  of  approximately  one  hundred  and  twenty 
different  higher  level  programming  languages. 

School  Mathematics  Study  Group.  Algorithms,  Computations  &  Mathematics.  California,  Bd.  of 
Trustees  of  the  Leland  Stanford  Jr.  University,  1965. 

A  good  elementary  introduction,  this  material  is  very  easy  to  read  and  has  many  suitable  problems. 

Scientific  American  Magazine,  ed.  Information,  a  Scientific  American  Book.  San  Francisco, 
California,  W.H.  Freeman,  1966. 

This  book  contains  articles  on  computer  logic  and  memory,  graphics,  systems  programming,  time¬ 
sharing,  data  transmission,  artificial  intelligence,  and  the  uses  of  computers  in  several  areas. 

Sherman,  Philip  M.  Programming  and  Coding  Digital  Computers.  New  York,  Wiley,  1963. 

A  thorough  treatment  of  the  fundamentals  is  provided. 

Singh,  J.  Great  Ideas  in  Information  Theory,  Language  and  Cybernetics.  Magnolia,  Mass.,  Peter 
Smith,  1966. 

This  is  a  well-written  but  fairly  advanced  book  that  discusses  the  theoretical  ideas  of  information 
theory,  neural  networks,  Turing  machines,  and  artificial  intelligence. 

Smith,  Dr.  R.E.  The  Bases  of  FORTRAN.  Toronto,  Control  Data  Corporation,  1967. 

A  good  source  of  problems  for  high  school  work  with  FORTRAN,  this  book  contains  worked 
solutions. 

Thomas,  Shirley.  Computers  —  Their  History,  Present  Applications,  and  Future.  New  York,  Holt, 
Rinehart  &  Winston,  1965. 

A  very  readable  book,  excellent  for  background  reading.  It  is  useful  for  learning  of  the  history  of 
computers  and  the  manufacturers  and  it  includes  some  discussion  of  languages  used,  employment 
possibilities,  and  future  uses  of  computers. 

Trakhtenbrot,  B. A.  Algorithms  and  Automatic  Computing  Machines.  Boston,  Heath  —  Raytheon, 
1963. 

This  is  an  excellent  elementary  book  on  the  mathematical  basis  for  the  algorithm  and  its  definition  in 
terms  of  a  Turing  machine. 

Weinstein,  Seymour  M.,  and  Keim,  Armand.  Fundamentals  of  Digital  Computers.  New  York,  Holt, 
Rinehart  &  Winston,  1965. 

Topics  in  this  book  include:  history  and  philosophy  of  computers;  number  systems;  basic  computer 
operations;  programming;  computer  logic;  arithmetic  control  units.  It  is  a  useful  reference  for 
teachers. 

Weiss,  Eric  A.  Computer  Usage/Fundamentals.  New  York,  McGraw-Hill,  1969. 

This  book  provides  general  information  about  history  of  computers,  the  computer  industry,  pro¬ 
gramming,  hardware,  data  processing,  and  computer  systems. 

Wooldridge,  D.E.  The  Machinery  of  the  Brain.  New  York,  McGraw-Hill,  1963. 

This  is  a  description  of  current  thoughts  about  the  brain.  It  is  quite  easy  to  read. 

Young,  J.Z.  A  Model  of  the  Brain.  New  York,  Oxford  University  Press,  1964. 

This  book  presents  a  discussion  of  a  brain's  operation.  It  is  probably  best  suited  as  reference  material. 


Films 


The  Department  of  Education  provides  a  film  loan  service  from  this  address:  LEARNING 
MATERIALS  SERVICE  UNIT,  559  Jarvis  Street,  Toronto  285.  A  list  of  films  related  to 
Computer  Science  follows: 

The  Information  Machine  (color),  10  mins.  An  amusing  account  of  the  development  of  the  electronic 
computer,  beginning  with  primitive  man  and  ending  with  the  advent  of  machine  simulation. 

Man  and  the  Computer  —  A  Perspective  (color),  20  mins.  The  value  of  the  computer  to  perform 
detailed  mathematical  operations  is  emphasized.  Primarily  it  deals  with  problems  which  have  only 
one  correct  answer,  it  stores  information,  and  it  makes  limited  selections.  There  are  five  basic 
functions  in  each  program  or  set  of  instructions  fed  into  the  machine:  input,  memory,  arithmetic 
(add,  subtract,  multiply,  or  divide),  output,  and  control.  Various  problems  are  solved  to  demonstrate 
these  functions. 

On-Line  Systems  for  Banking  (color),  15  mins.  Describes  IBM's  On-Line  Systems  for  the  banking 
industry  which  are  streamlining  bank  operations  internationally.  Both  the  1050  General  Purpose 
Terminal  and  1 060  Teller  Terminal  are  shown  in  operation  at  customer  installations  in  Europe,  Latin 
America  and  Asia/Pacific. 

The  Question  Tree  (color),  13  mins.  An  examination  of  man's  age-old  curiosity  concerning  the  world 
around  him  .  .  .  and  where  this  curiosity  has  led  him.  The  story  of  how  intelligent  questioning  leads 
to  scientific  discovery.  Includes  sequences  on  cryogenics,  language  translation,  vapor  growth  and 
optical  masers. 

At  Home  2001  (color),  25  mins.  This  film  examines  some  of  the  possibilities  for  the  household  of  the 
future  in  terms  of  technology  and  the  changing  patterns  of  urban  living.  Present  day  problems  of 
urban  crowding  and  traffic  congestion  are  explored  as  the  film  studies  ways  in  which  solutions  to 
these  problems  may  affect  home  design  in  the  future. 

Introduction  to  Digital  Computers  (color),  24  mins.  "What  is  a  computer?  "  "How  does  it  work?  " 
"What  good  does  it  do?  "  These  are  questions  answered  in  this  film.  Included  is  an  animated  sequence 
explaining  the  five  basic  functions  —  input,  control,  arithmetic,  memory,  and  output. 
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